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【論文の内容の要旨】 
The pressures of energy shortage and pollution to environment have attracted broad 
attentions. On the one hand, the conventional electrical power plants, such as thermal 
power plants and so on, are commonly in large-scale and caused severe air pollution 
emission globally. On the other hand, the renewable energy sources such as solar power, 
wind power, etc. are usually in small-scale, and their power outputs are unstable. 
Utilization and marketization of the renewable energy resource is a main motivation to 
renovate the conventional power systems. DC grids that employs renewable energy 
resources, including solar, fuel cell, wind, tidal energies, etc., contributes to assuage the 
burden of energy insufficiency, and to reducing the environment pollution. DC 
distribution system is the most indispensable constituent part to interface with various 
electrical components and subsystems that utilize renewable energy sources and 
storage devices in DC grid. DC power distribution system can facility multiple power 
conversion and transmission efficiency due to the reduction of devices in conversion 
stages. Multi-port DC-DC converter now growing into attractive solution to integrate 
the renewable energy generations, energy storages and DC transmission lines with the 
benefits of high efficiency, cost-effective, and high power density. The TAB converter 
based on H-bridge feature has high voltage range and conversion ratio, the bidirectional 
power flow and wide power capacity range are suitable for integrated distribution 
system in DC grids.  
This dissertation aims at proposing a highly reliable, high efficiency DC power 
distribution system using the TAB converter for applications like DC grids. The DC 
power distribution system is equipped with precise feedback controlled TAB converter, 
and under the power management including power balancing and power transmission 
control. By using the proposed power distribution system and TAB converter, goals of 
higher reliability, better efficiency, and improved performance for DC grid would be 
achieved. 
Chapter 1 mainly introduced the general information and background of the DC grid, 
the infrastructure of the power distribution system.  
Chapter 2 introduced the literature review of exist researches about the severe power 
demand situation, and the DC grids structures aims at solving the energy urgency 
under development. Afterwards, the frequently used power converters including dual 
active bridge converter and triple active bridge converters for power distribution 
systems are introduced.  
Chapter 3 firstly derived the power flow theoretical basis, for elicitation the proposed 
the phase shift control, which lays the fundamental to the power management of the 
TAB converter. After that, the decoupling feedback control algorithm of the TAB 
converter based on phase shift is proposed and operated. Moreover, the feedback power 
balancing control is designed and proposed originally. Based on the power management, 
the simulations 380V DC power distribution systems with closed-loop control TAB 
converter are tested, the simulation results and waveforms revealed that the proposed 
system is capable to transmit power under normal operation and deal with 
interruptions under power flow control. In the end, the experiment on 200 V TAB 
converter prototype is tested under the phase shift control, showed ability of power 
transmission, and reached high efficiency of 97.6%. 
Chapter 4 discussed the loss analysis of the power distribution system using the TAB 
converter, including the loss of TAB converter body part. Firstly, an AC-DC rectifier 
with feedback voltage control is designed to enhance the voltage stability from the 
utility. Then the power loss analysis on rectifier and TAB converter are investigated, the 
loss evaluation results shown that the efficiency of rectifier is nearly 3% lower than the 
TAB converter. Afterwards total loss of the proposed DC power distribution system 
using the TAB converter and conventional utility supplied system using rectifier are 
analyzed. The simulation results demonstrated that under the light to medium load 
condition, selecting the TAB converter in DC distribution system to replace rectifier 
would improve approximately 5% efficiency. 
Chapter 5 firstly introduced basis of reliability analysis methods, including reliability 
block diagram method, and Monte Carlo simulation method. The derivation equations 
of reliability for the complicated systems with multiple component connections are 
presented based on that, the theoretical estimations of the proposed power distribution 
system and the conventional power distribution system are completed. From reliability 
results using block diagram method, the proposed DC power distribution has 10.25% 
higher reliability performance than conventional system in 5-year operation. Based on 
the structure proposed and components’ reliability parameters surveyed from references, 
Monte Carlo simulation models are constructed on the basis of mentioned architectures. 
The Monte Carlo simulation results indicated the proposed power system has 9.1% 
higher reliability than the conventional system in 5 million hours operation. 
Chapter 6 summarized the achievements of each chapter, and the proposed research 
topic. Furthermore, the attractive topics and technologies can be studied continually for 
the future work are explained and expected. 
 
